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B This i1s an example of Neural network HW design.
B The neural network structure used here iIs 3-layer structure.
M |t consist of 2 input units, 3 hidden units and 2 output units.
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» 4 types of fruits : Orange, lemon, pineapple and Japanese persimmon

» A man eat these 4 types of fruits and decide the level of sweetness and sourness of the fruits from the range of 0 to 10
» After deciding the level of sweetness and sourness, he then decide which fruits he likes and not which fruit he dislikes
* So let’s consider the fruits he likes as [1,0] and the fruits he dislike as [0,1]

Evaluation of the man’s taste
9
How to measure the
8 ¢ Lemon ¢ Orange man’s taste using
7 Neural Network?
6
)
85 e ® Pineapple
c persimmon
a 4
(@)
[7p]
3
2
1
0
0 1 2 3 4 5 6 7 8 9
sweetness
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forward process

2 2 2

* z{ =wyiiky + w3k, + b;
1

o al-2=a(zi2):

—z2
1+e %i

(22)

(a2)

(a3)

+ zP =wyj;af +wj;a; +w$ ;a5 + b} (23)
3 _ 3}/ — __ 1
¢+ &} =a(z)=——
1+e J

k or tis read from memory recursively 11 clk after.

kil | k2 t1 t2

A 4

backward process

CAE) == (- aP)a) (dadz)
(e_zi +1)
- & = (4 - 1) (%) (deltas)
. 62 =(8wd + 8w +-)al (2F) (delta2)
’ ai:nj [m] = 5]."(1?—1[771]' however, ail = K; (dw2, dw3)
oc n
. @[m] = 6/'[m] (db2, db3)
ac ac ac
. AWiT}: - owl :_n(awn [1] + ...+ FID [m])

(dw_adder_w2,dw_adder w3)

(db_adder_b2,db_adder_b3)
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Module Name: forward
Description: Calculation of a2 and a3

(i=1,2,3,j=1,2)

Input:

clk : 1 bit : clock signal

res : 1 bit : reset signal (high active)

din : 1 bit : read enable signal
(when active, can read the data from
memory)

select_initial : 1bit: (when active, use the initial

value of bias and weight.)

update_coeff : 1 bit: coefficient to update

parameter

input_k_j : 16 bits : insert value of k
Aw; : 16bits : the amount of w; changed
Awf; : 16bits : the amount of w/; changed
Ab? : 16bits : the amount of b}’ changed
Ab? : 16bits : the amount of b? changed
Output:
aj3 : 16bits : output_layer_output
a? : 16bits : output_layer_output
k; : 16bits : supervisor data
tj : 16bits : supervisor value
wi3]- : 16bits : output_layer weight /
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- > > > a3
res — k2 | sel k N z2 » a2 Z3 > a3 >
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Mle Name: backward

Description:

bias)

(i1=1,2,3,j=1,2)

Calculation of change in parameter (weight and

: 1 bit : clock signal

: 1 bit : reset signal (high active)
: output_layer output
hidden_layer output

> supervisor data

: supervisor value
output_layer weight
hidden_layer weight

: 16 bits
: 16 bits :
. 16 bits
: 16 bits
: 16 bits :
: 16 bits :

: 16 bits :
: 16 bits
: 16 bits :
: 16 bits :

the amount of w}; changed
: the amount of szl_ changed

the amount of b} changed
the amount of b7 changed

/
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=z (] 13 [2]-‘ [1] | e
* . 3 Ke—
0‘ ¢’ a.z
[ — XT
ap; db_adder b3 ) ]
< « db3 ¥ = ¢ b
@l @] @ | .
B : j
v ry PR
o o 3
Aw3 . ZVL
JY dw_adder w3
: Wl @] @ | : w3 IF
B - > Omitted some part of wiring
< 4clk > { Ic <> { Ic <> { 1c <> { Ic <>
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B Bias

B Weight for hidden layer
m \Weight for output layer
m 72

m 73

B Memory for activation function
B Counter

W Selector

M Supervisor data

W Supervisor value

B Input selector
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Module Name: b2_i

Description:

Calculation of b2_i, when the select initial signal is
active, the output will the initial value of b2_i, and
when the select update signal is active, the output will
be the new value of b2_i

(i=1,2,3)

Input:

clk : 1 bit: clock signal

res : 1 bit : reset signal (high active)

select_update : 1 bit : signal to choose for update value
select_initial : 1 bit : signal to choose for initial value

Ab? : 16bits : the amount of b? change

Output:

b? : 16bits : the amount of b? change
2017/11/10

Select_

> Same case for bias3 block (i=1, 2)

update

Ab?

Select

\ 4

\ 4

Init

b2_i

\ 4

initial

\ 4

& 2
> b}
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Mle Name: w2_ij \

Description:

Calculation of w2_ij, when the select initial signal
IS active, the output will the initial value of w2_ij,
and when the select update signal is active, the
output will be the new value of w2_ij

(1=1,2,3,j=1,2)

Input:

clk : 1 bit: clock signal

res - 1 bit : reset signal (high active)

select_update : 1 bit : signal to choose for update
value

select_initial : 1 bit : signal to choose for initial
value

Awizj : 16bits : the amount of wl-zj change

Output:(i=1,2,3, j=1,2)
% : 16bits : the amount of wl-zj chany

2017/11/10

Select

update

Aw?

1)

Select

\ 4

v

N7

Init
W2_ij

\ 4

initial

\ 4
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Calculation of w3_ij, when the select initial signal
IS active, the output will the initial value of w3_ij,
and when the select update signal is active, the
output will be the new value of w3_ij

Mjle Name: w3_ij

Description:

(1=1,2,3,j=1,2)

Input:

clk - 1 bit: clock signal

res - 1 bit : reset signal (high active)

select_update : 1 bit : signal to choose for update
value

select_initial : 1 bit : signal to choose for initial
value

Aw3 : 16bits : the amount of w;; change

9)

Output:
% : 16bits : the amount of w}, changy
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Select

update

Aw3

ij

Select_
initial

\ 4

\ 4

\/

Init
W3 _ij

\ 4

\ 4

\ 4
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Mdule Name: z2 \

(i=1,2)

Input:
clk
res

ki
w
b2

Description:
Calculation of 2 input (k1,k2) and 1 output (z2)

Output:
\_

- 1 bit : clock signal

. 1 bit : reset signal (high active)
: 16 bits : supervisor data

: 16 bits : hidden_layer weight

: 16 bits : hidden_layer bias

- 16 bits : total product of calculation
between input(k), weight and bias

2017/11/10

VALY
4NPA

@ L®-

VALY
D"

bZ
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/@Jle Name: z3

Description:

(i=1,2,3)

Input:
clk
res

Wi
b3

Output:

&

Calculation of 3 input (a2) and 1 output (z3)

. 1 bit: clock signal

. 1 bit : reset signal (high active)

: 16 bits : output value from hidden
: 16 bits : output layer weight

: 16 bits : output layer bias

: 16 bits : total product of calculatio
between input(a2), weight and bias

layer

/
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VALY

-

D

-
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V\/‘
v
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din

¥y

addr

\ 4

Addr (8 bits)

Data (16 bits)

0.5, — 00_0000.1000_0000_00,

Mule Name: mem \ 0.0000, — 0000.0000,

Description:
8 bits memory to store value of sigmoid calculation

Input:

clk : 1 bit: clock signal

din : 1 bit : read enable

addr : 8 bits : value of sigmoid func. with input
from -8.0 to 7.93750

Output:

2017/11/10

@ - 16bits : output value for sigmoid func./

7.93750, — 0111.1111,

0.9990,— 00_0000.1111_1111_11,

-8.0000, — 1000.0000,,

0.0000,— 00_0000.0000_0000_00,,

-0.06250,— 1111.1111,

0.4844, — 00_0000.0111_1100_00,
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/mdule Name: counter \

Description:

counter for signal to insert in k1, k2, t1 and t2 every 13
clock and signal for finished updating the parameter
(weight and bias)

Input:

clk : 1 bit: clock signal

res . 1 bit : reset signal (high active)

Output:

out . 4 bits : output signal active after 13 clocks

(1 renewal)

finish updating : 1 bit : finish updated signal after
10000 renewal

2017/11/10 Copyrights 2017-2018 LSI Design Contest. All Rights Reserved.

clk

reset

1

renewal

\ 4

10000
renewal

\ 4 \ 2B 4

v

out

~ finish
" updating
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Select
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Mﬂule Name: selector

Description:
selector for enable update for every renewal

Input:
clk - 1 bit: clock signal
res - 1 bit : reset signal (high active)

update_coeff : 1 bit : coefficient to update

Output:
enable update : 1 bits : output signal active after
clocks (1 renewal)

° )

2017/11/10

1
renewal
update
coeff Tl
S
clk
reset
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>x:Same case for k2 =8, 5, 8, 5, 0...

Data (16 bits)

8, —00_1000_0000_0000_00,

8, —00_1000_0000_0000_00,

5, —00_0101_0000_0000_00,

5, —00_0101_0000_0000_00,

0, —00_0000_0000_0000_00,

din
addr > Addr (8 bits)
Mdule Name: k1 \ 0,4 — 0000.0000,
Description: 1d
8 bits memory to store value of k1 ”
Input: 3d
clk : 1 bit : clock signal
din - 1 bit : read enable
addr : 8 bits count number of clock with input from
O0to15
Output:
Qut : 16 bits : output value for k1 / 15d

2017/11/10
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X Same case fort2=0,1,1,1,0...

Data (16 bits)

1, —00_1000_0000_0000_00,

0, —00_0000_0000_0000_00,

0, —00_0000_0000_0000_00,

0, —00_0000_0000_0000_00,

din
addr > Addr (8 bits)
Mjule Name: t1 \ 04 — 0000.0000,
I 1d
Description:
8 bits memory to store value of t1 2d
3d
Input:
clk . 1 bit: clock signal
din : 1 bit: read enable
addr . 8 bits count number of clock with input
from 0 to 15
Output:

Qut : 16 bits : output value for t1

0, —00_0000_0000_0000_00,

/ 15d

2017/11/10
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Input se

Mle Name: sel_k \

Description:
Select k form input data k or stored data k for
updating coefficients.

Input:
clk : 1 bit : clock signal
res - 1 bit : reset signal (high active)

input_k : 16 bits : insert input value(k)
update_k : 16 bits : update the input value (k)
update_coeff : 1 bit : coefficient to update

Output:

Iector (sel k.v)

e P e e e e e e e e e S e S e S e S S S SRR e SR e EI S S B B

Kk - 16 bits : when update _coeff =1, k

will be the update k, else will output
the input_k

2017/11/10

update_coeff

\ 4

update_k

input_k —>
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Differential of activation func.

N

B Delta3

B Delta?

B Delta weight
B Delta bias adder

M Delta weight adder
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ﬁdule Name: dadz

Description:
Calculate differential of a

(a : sigmoid function)

Input:

clk : 1 bit: clock signal

res . 1 bit : reset signal (high active)

a : 16 bits : activation func. value
from forward block

Output:

dadz : 16 bits : differential of a

— dadz

QD

—
D\
NPA

A 4

/

2017/11/10
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Mﬂule Name: delta3

Description:

Calculation of output layer’s unit error
(i=1,2)

Input:

clk - 1 bit: clock signal

res - 1 bit : reset signal (high active)
ad i : 16 bits : output layer’s output
ti : 16 bits : supervisor value
dadz3 i : 16 bits : differential of a3 _i

Output:
deltad i : 16 bits : output layer’s error

2017/11/10

\ a3_i

A 4

ti

A 4

dadz3 |

delta3 i

A 4

\ 4
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mle Name: delta2 \

w3 il
Description:
Calculation of hidden layer’s unit error
(1=12.3) delta3 1 TN\
Input: W3_i2 \/
clk : 1 bit: clock signal
res : 1 bit : reset signal (high active)
dadz2_i : 16 bits : differential of a2 delta3 2 l
w3 il : 16 bits : weight of output layer from first unit - ’ _
w3 _i2 : 16 bits : weight of output layer from second unit ® > delta2 |
delta3_1  : 16 bits : output layer’s first unit error 1
delta3_2  : 16 bits : output layer’s second unit error

dadz2_i

Output:
delta2 i : 16 bits : output layer’s error /
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Mule Name: dw

Description:
Calculation of hidden layer’s unit error

Input:
clk : 1 bit: clock signal
res - 1 bit : reset signal (high active)

unit_error : 16 bits : hidden/output layer’s unit
error
Iinput_signal : 16 bits : input signal for those units

Output:

@w_parameter : 16 bits : new weight value /

2017/11/10

unit_error

input_signal
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Mjule Name: db_adder

Description:
calculation of capital delta bias

Input:

clk - 1 bit: clock signal

res - 1 bit : reset signal (high active)
delta : 16 bits : delta value of bias
Output:

: 16 bits : capital delta bias /

. /

y
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Description:
calculation of capital delta weight

Input:

clk : 1 bit: clock signal

res - 1 bit : reset signal (high active)
dw : 16 bits : delta value of weight
Output:

Module Name: dw_adder \

@W?) : 16 bits : capital delta weight /

2017/11/10

/'

» dcdw3
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